A simple and cheap chemical deposition method was used to produce a nickel oxide (NiO) thin film on glass substrates from a solution that contained Ni 2+ and monoethanolamine.
Introduction
Transparent conductive oxides (TCO) such as indium tin oxide (ITO) and zinc oxide are wide bandgap semiconductors; and have been used in many applications such as transparent electrodes, solar cells and touch panels [1] . Nanostructures of various metal oxides have been investigated for hydrogen production [2] and gas sensing. Some of these TCOs which have been studied extensively are n-type semiconductors [3] . In some applications where n-type semiconductors are used, p-type semiconductors are also required to produce complementary devices or for the fabrication of p-n junctions, which are essential for the study of electrical properties and defects in n-type materials like zinc oxide [4] , and to enhance the gas sensing properties of metal oxide sensors. Since it is difficult to achieve p-type conductivity by doping in n-type metal oxide semiconductors, research efforts are focused on p-type materials such as nickel oxide. Nickel oxide (NiO) is one of the few metal oxides with p-type properties; it has a stable, wide bandgap of 3.5 to 4.0 eV [7, 8] , it has been used in electrochromic [7] , photoelectrochemical water splitting [8] , gas sensing [9] and energy storage [10] applications. It has been reported as having an excellent chemical stability, high optical transparency and electrical conductivity. Different deposition methods such as pulsed laser deposition, dip coating, spin coating, sputtering, spray pyrolysis and chemical bath deposition (CBD) have been used to deposit thin films of nickel oxide. All these methods offer different advantages depending on the specific application of interest [11] . Among the methods, chemical bath deposition has been adjudged to be advantageous due to its relative simplicity, low cost, low temperature, scalability and good control over the deposition process [12] . According to our knowledge, there is no report on electrical characterisation of porous thin films of nickel oxide. In this work, thin films of NiO were produced by the simple and economical chemical bath deposition method. The films were characterized by 3 scanning electron microscopy (SEM), atomic force microscopy, X-ray diffraction (XRD), UV-Vis spectrophotometry and I-V/C-V measurements.
Experimental

Preparation of NiO thin film
All chemicals were of analytical reagent grade and used without further purification. The substrates were microscope slides cut into 25 mm by 10 mm and ITO coated glass. Prior to deposition, substrates were first soaked in warm detergent solution for 5 minutes, rubbed to remove any grease and rinsed in de-ionized water. They were later washed in an ultrasonic and 500 ℃ for one hour in air. Aluminium contacts of diameter 0.6 mm and thickness 300 nm were resistively evaporated on the film that was deposited on ITO/glass substrates, after annealing.
Analysis and Characterization of the film
Microstructures of the nickel oxide film were investigated using XRD with Co K radiation.
For the morphological analysis, field emission scanning electron microscopy (FESEM) in a ZEISS Crossbeam 540 at 1 kV acceleration voltage was used. A Jobin Yvon, Horiba © TX64000 was used for Raman studies. Optical transmittance and absorbance spectra of the film were obtained in the ultraviolet (UV) and visible region in the wavelength range 200 to 800 nm using a CARY 100 BIO UV-VIS spectrophotometer. The electrical properties of the film between -2 V and 2 V at room temperature and in the dark were measured using I-V measurements with a HP 4140 B pA meter/DC voltage source.
Results and discussion
Formation of nickel oxide thin film may be described by the following chemical equations:
The first equation involves the formation of a deep blue complex of nickel and monoethanolamine, which had a pH of 11.50. When heated, the complex slowly releases which in the presence of water at 70 ℃, forms hydrated nickel hydroxide on the substrate according to equation 2. The pH of the solution after deposition was found to be 11.32, thus monoethanolamine provides the ideal pH for deposition of NiO in CBD. The XRD pattern of the film, indexed to JCPDS file No. 04-0835 [15, 16] , is shown in Fig. 2 . Morphologies of the as-deposited and annealed films are shown in Fig. 3 ; there was no remarkable difference between these morphologies. The morphology which is porous with many interconnected nanowalls that grow vertically on the substrate forming a honeycomb like structure does not agree with the cubic structure of NiO. However, they are similar to what have been reported by [11] and [16] . The thickness of the nanowalls as measured at indicated points in Fig. 3a and b varied between 66.67 nm to 116 nm in the as-deposited film, The relation between the absorption coefficient ( ) and incident photon energy ( ) can be expressed as [19] :
Fig. 2. X-ray diffraction (XRD) patterns of the annealed film
Fig. 4 . Raman spectra of NiO thin film where A is a constant, is the optical band gap of the material and n is a number which depends on the type of transition involved. For a transition of an electron from the valence to the conduction band of the material, a direct allowed, an indirect allowed, a direct forbidden and an indirect forbidden, n has values of respectively. For NiO, the value of n is A plot of ( ) versus was plotted as shown in Fig. 6 , and the optical band gap of the films, found by extrapolating linear part of the curve to the axis, was 3.9 eV and 3.8 eV for the as-deposited and annealed films respectively; this is within the range reported in literature [7, 8] .
An aluminium/nickel oxide/ITO structure that was formed by evaporation of aluminium contacts on the film is shown in Fig. 7a , the I-V characteristics of the film are shown in Fig.   7b . Resistance of the film as calculated from the slope of the graph was 1.313 kΩ; the electrical resistivity was obtained from: where R is the resistance of the film, A is the area of the aluminium contact and t is the film's thickness.
(a) (b) Considering the morphology of the annealed film, a contact is more likely to cover many nanowalls and pores, more so, during electrical measurement, the exact position of probes on the film cannot be ascertained. Therefore, the resistivity of the film which was found to be Ωcm by making use the thickness of the film as shown in Fig. 3c , may be greater than its actual value. Comparison between the properties of the nickel oxide film and others found in literature is shown in table 2. Optical Bandgap (eV) Nature Non-porous [20] Non-porous [21] Non-porous use as a TCO. However, due to their porosity, they can be used in sensing applications.
